Vibrio parahaemolyticus is a notorious marine bacterium that causes disease to human and marine animal. Polyphenols are plantderived products that are commonly found in fruits and plants. These products are well-known for their antioxidant properties due to the ability to scavenge free radicals. In addition, many polyphenols have been proved to possess bactericidal effects against both Gram-negative, and Gram-positive bacteria. In this work, a total of 30 isolates of V. parahaemolyticus including pathogenic (n = 9) and non-pathogenic (n = 21) strains were isolated from Pacific White shrimps obtained from the central area of Thailand. Susceptibility of V. parahaemolyticus to pyrogallol, a polyphenol compound commonly found in mango and many citrus plants, was compared to antibiotics. Antibacterial activity of V. parahaemolyticus to pyrogallol was between 32-64μg/ml for both MIC and MBC. However, susceptibility to enrofloxacin, oxolinic acid, and oxytetracycline was in acceptable range (MIC, MBC < 2 μg/ml). All isolates resisted to ampicillin and amoxicillin (MIC, MBC > 128 μg/ml). This result indicates that pyrogallol may be an alternative compound for combating V. parahaemolyticus.
Introduction
Vibrio parahaemolyticus is an important bacterium which can cause disease in both human and marine animal 1 . It naturally inhabits in coastal water, sediment, and many kinds of marina animals 2 . Recently, new highly pathogenic strains of V. parahaemolyticus, which harbor toxin gene-containing plasmid, have caused acute hepatopancreatic necrosis disease (AHPND) which led to great economic losses in China, Vietnam, and Thailand 3, 4 . These new strains demonstrated resistance to antibiotic, and the resistance pattern was different from that of non-pathogenic strains 5 . Though many antibiotics are still effective in treating bacterial infections, it is worth searching for a new compound in advanced for taking place drug resistance. Polyphenols are secondary metabolites in plants, and are often produced in response to stress 6, 7 . They are able to scavenge free radicals, and possess antioxidant properties 8 . In addition, many polyphenols have demonstrated bactericidal effects against both Gram-negative, and Grampositive bacteria 9 . This study aims to investigate susceptibility of V. parahaemolyticus to pyrogallol, a polyphenol compound commonly found in mango and many citrus plants, in comparison to antibiotics.
Methods

Bacterial isolation and identification
Vibrio parahaemolyticus were isolated from stomach and hepatopancreas of Pacific white leg shrimps (Litopenaeus vannamei) in central regions of Thailand, during outbreaks of AHPND. They were identified as V. parahaemolyticus by biochemical tests including arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate, Voges-Prokauer, and 8% NaCl tests 10 . Confirmation was performed by polymerase chain reaction (PCR) targeted to toxR gene, using two primers 5'-GTCTTCTGACGCAATCGTTG-3' and 5'-ATACGAGTGGTTGCTGTCATG-3'
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. PCR was performed in 25 μl mixture containing 2 μl of previously extracted DNA templates, 2 μM of each primer, 6.5 μl of pure water, and 12.5 μl of 2x GoTag green master mix (Promega, USA). The amplification condition included 5 min of denaturation at 94 °C, followed by 20 cycles of 1 min at 94 °C, 1.5 min at 63 o C, and 1.5 min at 72 °C, and 5 min of final extension at 72 °C. V. parahaemolyticus DMST21243 from stock culture in our department was used as positive control. The PCR product obtained was 368 bp.
Identification of the causative agent of AHPND
V. parahaemolyticus isolates were confirmed as the causative agent of AHPND by PCR using AP3 primers 5'-ATGAGTAACAATATAAAACATGAAAC-3' and 5'-GTGGTAATAGATTGTACAGAA-3' to detect toxin gene in pathogenic strain 12 . The 25 μl reaction mixture contained 12.5 μl of 2x GoTag green master mix, 6.5 μl of DNasefree water, 0.2 μM of each primer, and 2 μl of DNA template. The thermal protocol included 5 min of denaturation at 94 °C, thirty cycles of 94 °C for 30 sec, 53 °C for 30 sec, and 72 o C for 40 sec, and 5 min of final extension at 72 °C. DNA template of AHPND V. parahaemolyticus isolate obtained from Center of Excellence for Shrimp Molecular Biology and Biotechnology (Centex Shrimp, Bangkok, Thailand) was used as positive control. Visualization under UV light showed 336 bp of PCR product.
Antibiotics and pyrogallol
Eight antibiotics including ampicillin, amoxicillin, oxolinic acid, enrofloxacin, oxytetracycline, florfenicol, sulfamethoxazole, and trimethoprim, and pyrogallol were purchased from Sigma-Aldrich Company (St. Louis, MO, USA), and kept in refrigerator -20 °C until used. All these antibiotics (except for florfenicol) are allowed to use in aquaculture in Thailand.
Susceptibility testing
Minimal inhibitory concentration (MIC, lowest concentration that can inhibit the bacterial growth) and minimal bactericidal concentration (MBC, lowest concentration that can kill bacteria) of antibiotics and pyrogallol to V. parahaemolyticus were investigated using micro-broth dilution method, as described in the guidelines of Clinical and Laboratory Standards Institute 13 . Briefly, overnight culture of V. parahaemolyticus was diluted with Mueller Hilton Broth (MHB) (DifcoTM, USA) to obtain 10 6 CFU/ml. Antibiotic stock solutions were prepared by dissolving and diluting with appropriate solvents and diluents as recommended in the guideline. Pyrogallol was dissolved and diluted with water according to manufacturer's instruction. The stock solution was two-fold diluted to concentrations between 1024 μg/ml and 0.25 μg/ml.
A total of 100 μl of bacterial suspension and 100 μl of antibiotic/pyrogallol were mixed in each well of microtiter plate, and incubated for 24 h at 28 ± 2 °C. Positive growth control contained bacterial suspension and diluents, while negative growth control contained MHB and diluents. Escherichia coli ATCC 25922 was used as quality control for antibiotic susceptibility. The experiments were performed in duplicate.
Results and discussion
A total of 49 isolates of bacteria were obtained and 30 were identified as V. parahaemolyticus. Nine isolates were confirmed as the causative agents of AHPND. MIC and MBC values of antibiotics including pyrogallol for all V. parahaemolyticus was illustrated in Table 1 . In this study, all isolates of V. parahaemolyticus resisted to ampicillin. MIC and MBC of this antibiotic for 90% of the isolates were 512 μg/ml. Similarly, V. parahaemolyticus was resistant to amoxicillin (MIC, MBC for 90% of isolates 256 μg/ml).
Florfenicol was not allowed for using in aquaculture in Thailand, except in some other countries 14 . In this study, MICs ( 2 μg/ml) and MBCs ( 8 μg/ml) of this agent were still in acceptable ranges, and were similar to those obtained from V. parahaemolyticus isolated from black tiger shrimp in Thailand 15 . This confirms that florfenicol may not be present in Thai environment or drug resistance due to this agent has not yet occurred.
In this study, MIC and MBC of oxytetracycline, an antibiotic recommended for treating vibriosis, were low (MIC 1μg/ml, and MBC 2 μg/ml). Sulfamethoxazole/trimethoprim (19:1) are bacteriostatic agents. MIC of this drug was low ( 0.25/0.75 μg/ml), but MBC varied in a wide range. Oxolinic acid, enrofloxacin are first and second classes of quinolones antibiotic, respectively. The lowest MIC and MBC against V. parahaemolyticus were detected in these antibiotics (Table 1) .
Crude extract of pyrogallol contained other phenolic compounds, which possessed antifungal and antimicrobial activities 16, 17 . In this work, pyrogallol could inhibit V. parahaemolyticus at concentrations of 32-64 μg/ml. Although MIC and MBC of pyrogallol were higher than that of some antibiotics, its efficacy against both pathogenic and nonpathogenic V. parahaemolyticus was higher than that of ampicillin, amoxicillin.
AHPND V. parahaemolyticus showed higher sensitivity to ampicillin, amoxicillin, oxolinic acid, oxytetracycline, and florfenicol than non-AHPND V. parahaemolyticus. In contrast, they were more resistant to enrofloxacin. However, both AHPND and non-AHPND V. parahaemolyticus were similarly susceptible to pyrogallol. 
Conclusions
This is the first study of pyrogallol against V. parahaemolyticus. Pyrogallol can be alternative compound for combating V. parahaemolyticus in aquaculture. However, further researches on mechanism and toxicity of this agent should be clarified before its practical application.
